OVERTEMPERATURE DETECTION DEVICE AND 
SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 



CROSS REFERENCE TO RELATED APPLICATION 
5 This application is based on and incorporates herein by 

reference Japanese Patent Application No. 2003-21952 filed on 
January 30 , 2003. 



FIELD OF THE INVENTION 
10 The present invention relates to an overtemperature 

detection device and a semiconductor integrated circuit device 
including the overtemperature detection device. 



BACKGROUND OF THE INVENTION 

15 A driver IC module having multiple high breakdown voltage 

drivers and an overtemperature detection circuit is proposed 
in Japanese Patent Application JP-A-2001-244411 . The 
overtemperature detection circuit detects an overtemperature 
condition of a driver IC chip based on a difference between a 

2 0 temperature of the IC chip and a reference temperature. The 

reference temperature is altered according to a temperature of 
the driver IC module so that the detection is accurately 
performed without an influence of ambient temperature. 

An overtemperature detector having a band gap circuit 

25 that produces a reference voltage used in a production of an 

overtemperature detection signal is proposed in Japanese 
Patent Application JP-A-7-336875 . In the band gap circuit, a 
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component that outputs a temperature-dependent potential 
difference functions as an overtemperature detection component. 
The overtemperature detection signal is used for maintaining a 
predetermined accuracy in the overtemperature detection 
5 without affected by manufacturing variations. 

In an IC device having an overtemperature detection 
circuit for each driver IC such as the above-described driver 
IC module, a temperature increase in the driver IC may affect 
an adjacent overtemperature detection circuit of another drive 

10 IC. For instance, the adjacent overtemperature detection 

circuit may falsely detect an overtemperature condition when a 
load connected to the driver IC is shorted and the temperature 
increase occurs. 

This problem may be solved by arranging the driver ICs at 

15 a distance from each other. However, the overall chip size of 

the device increases and therefore the cost of the device 
increases. The same problem occurs in the case of a device 
constructed of multiple discrete power components adjacently 
arranged to each other. 

20 

SUMMARY OF THE INVENTION 
The present invention therefore has an objective to 
provide an overtemperature detection device that accurately 
detects an overtemperature condition of each of power 
25 components adjacently arranged to each other. An 

overtemperature detection device of the present invention 
includes temperature detection components and an 
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overtemperature detection circuit. At least two detection 
components are arranged adjacent to each power component. 
First and second detection components are placed adjacent to 
any one of the sides of the power component and another side 
5 of the power component, respectively. 

When a first power component is in an overtemperature 
condition, the heat produced by the first power component is 
immediately transmitted to the adjacent detection components. 
When a second power component adjacent to the first power 

10 component is in an overtemperature condition, the heat is 

immediately transmitted to the detection component between the 
first and the second power component. However, the heat is not 
immediately transmitted to the detection component on the 
other side of the first power component. This is because the 

15 detection component on the other side and the power component 

in the overtemperature condition are away from each other. 

The detection circuit determines the overtemperature 
condition when signals outputted from at least two of the 
detection components adjacent to the power component indicate 

2 0 the overtemperature condition. It does not determine the 

overtemperature condition when a signal outputted from only 
one of the temperature detection components indicates the 
overtemperature condition. 

A signal outputted from the detection component on the 

2 5 other side may indicate an overtemperature condition after a 

certain period has passed. However, power supply to the power 
component is controlled when the overtemperature condition is 
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determined. Therefore, the signal outputted from the detection 
component on the other side will not indicate the 
overtemperature condition. With the configuration of the 
present invention, an overtemperature condition of each power 
5 component is accurately detected. 

The present invention has another objective to provide a 
semiconductor integrated circuit (IC) device in which the 
overtemperature detection device is used. An IC device of the 
present invention includes multiple power components and the 
10 overtemperature detection device described above. With this 

overtemperature detection device, the power components are 
adjacently arranged to each other. As a result, a layout size 
of the output section of the IC device can be reduced and the 
total size of the IC device can be reduced. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objectives, features and advantages 
of the present invention will become more apparent from the 
following detailed description made with reference to the 
20 accompanying drawings. In the drawings: 

FIG. 1 is a plan view of a semiconductor chip showing an 
arrangement of electronic components according to the first 
embodiment of the present invention; 

FIG. 2 is an enlarged view of the semiconductor chip with 
25 a circuit diagram of output control circuits according to the 

first embodiment; 

FIG. 3 is a timing chart showing waveforms of output 
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voltages of diodes and output signals according to the first 
embodiment; 

FIG. 4 is an enlarged view of the semiconductor chip with 
a circuit diagram of output control circuits according to the 
5 second embodiment of the present invention; and 

FIG. 5 is a timing chart showing waveforms of output 
voltages of diodes and output signals according to the second 
embodiment . 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The preferred embodiments of the present invention will 
be explained with reference to the accompanying drawings. In 
the drawings, the same numerals are used for the same 
components and devices . 

15 [First Embodiment] 

An integrated circuit (IC) shown in FIG. 1 is used for 
driving a relay coil for switching power supply to devices 
including a headlight, a door lock solenoid, and a power 
window motor. The IC is mounted on a control board included in 

20 an electronic control unit (ECU) for a vehicular body parts. 

The same size power MOS transistors M1-M10 are adjacently 
arranged to each other in line and mounted on an IC board 1 . 
The same size power MOS transistors M11-M2 0 are also 
adjacently arranged to each other in line and mounted on an IC 

25 board 1 on the side opposite from the side on which the power 

MOS transistors M1-M10 are mounted. Wire bonding pads (PS1, 
PD1)-(PS20, PD20) are provided for the power MOS transistors 
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M1-M20, respectively. Furthermore, diodes (Dla, Dlb)-(D20a / 
D20b) and output control circuits U1-U20 are provided for the 
power MOS transistors M1-M20, respectively. Although only 
driver IC is mounted on the IC board 1 in this IC, other 
5 control circuits can be formed on the IC board 1. 

The diodes (Dla, Dlb)-(D20a, D20b) are temperature 
detection components that detect temperature using forward 
voltage temperature characteristics of -2mV/°C. Each diode 
(Dla, Dlb)-(D20a, D2 0b) is arranged between the two 
10 transistors except for ones arranged ends of lines of the 

transistors M1-M20. The output control circuits U1-U20 are 
disposed in line adjoining to their respective transistors Ml- 
M20. 

Referring to FIG. 2, the diodes D2a and D2b are arranged 
15 on the sides of the transistor M2 adjacent to the transistor 

Ml and to the transistor M3 , respectively. The diodes Dla, Dlb, 
D3a and D3b are arranged in the same manner on the sides of 
the transistor Ml and M3 . A distance LI between the diodes D2a 
and D2b, a distance L2 between the diodes Dlb and D3a, and a 
20 distance L3 between the diodes Dla and D3b have relationships 

of LKL2<L3. It is preferable to set the distance LI as short 
as possible for reducing heat transmission delay. 

Each output control circuit U1-U3 is constructed of an 
overtemperature detection circuit H1-H3 and a drive circuit 
25 K1-K3. The drive circuit K1-K3 drives the transistor M1-M3 and 

functions as an overtemperature protection circuit. The 
detection circuit HI includes comparators Cla, Clb and an AND 
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gate Gl. The comparators Cla, Clb compare the forward voltage 
Via, Vlb of the diodes Dla, Dlb with a reference voltage Vr. 
The AND gate Gl outputs an overtemperature detection signal Ql 
that is an AND signal of outputs Sla and Sib of the comparator 
5 Cla and Clb. The detection circuits H2 , H3 have the same 

configuration. An overtemperature detection device 3 is 
constructed of the output control circuits U1-U3 and the 
diodes (Dla, Dlb)-(D3a, D3b) . 

The drive circuit Kl outputs a gate drive signal to the 

10 transistor Ml when the detection signal Ql is at a low (L) 

level , which indicates a normal condition (non-overtemperature 
condition). The gate drive signal is produced according to a 
drive instruction signal PI. When the detection signal Ql is 
at a high (H) level, which indicates an overtemperature 

15 condition, a gate drive signal is outputted for turning off 

the transistor Ml. The output control circuits U2 and U3 have 
the same configuration. The output control circuit Ul further 
includes a reference voltage generation circuit 2 that 
generates the reference voltage Vr. 

20 Relay coils (loads) are connected between a drain or a 

source of the transistors M1-M3 and power supply lines that 
are connected to a battery. The temperatures of the 
transistors M1-M3 remain in the operable temperature range as 
long as the transistors M1-M3 and the loads are not defective 

25 and the transistors M1-M3 are used within the current rating 

range. However, the temperatures sharply increase when a large 
current flows through the transistors M1-M3, for instance when 
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the loads are shorted, the temperatures increase above the 
range in a short period of time. 

The forward voltages of the diodes Dla-D3b vary when 
excessive current flows through the transistor M2 as shown in 
5 FIG . 3. In FIG. 3, reference numbers Via, Vlb, V2a, V2b, V3a, 

V3b denote forward voltages of the diodes Dla, Dlb, D2a, D2b, 
D3a and D3b, and Sla, Sib, S2a, S2b, S3a, S3b denote output 
signals of the comparators Cla, Clb, C2a, C2b, C3a and C3b. 

The reference voltage Vr is set equal to an output 

10 voltage of the diodes Dal-D3b in the operable temperature 

range or a temperature range defined by the operable range 
with a margin. The reference voltage Vr is less likely to be 
affected by temperature variations. Reference voltages Vrl, 
Vr2 are substantial reference voltages (threshold voltages) of 

15 the comparators Cla-C3b. The reference voltages Vrl, Vr2 are 

defined with consideration of variations in offset voltages, 
and therefore they may be slightly different from the 
reference voltage Vr. 

The substantial reference voltage Vrl is set for the 

20 comparator C2a, input voltage of which is V2a. The substantial 

reference voltage Vr2 is set for the comparator Cla, Clb, C2b, 
C3a, C3b, input voltages of which are Via, Vlb, V2b, V3a and 
V3b, respectively. The voltages Vla-V3b are higher than the 
reference voltages Vr, Vrl, Vr2 under normal conditions in 

25 which no excessive current exists. 

When excessive current flows through the transistor M2, 
the heat produced in the transistor M2 is transmitted to the 
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diodes D2a, D2b after a time lag about at time tl. The 
voltages V2a, V2b decrease at approximately the same rate- The 
heat transmission to the diodes Dlb, D3a, which are located 
further away from the transistor M2 than the diodes D2a, D2b, 
delays a time of t2-tl. The heat transmission to the Dla, D3b, 
which are still further away from the transistor M2 than the 
diodes D2a, D2b, delays a time of t3-tl. 

When the voltage V2b of the diodes D2b decreases to the 
reference voltage Vr2, the signal S2b becomes the H level (t4). 
The signal S2a that indicates a result of a comparison between 
the output voltage V2a of the diode D2a and the reference 
voltage Vrl is still the L level at this time. Thus, the 
overtemperature detection signal Q2 remains at the L level. 
When the output voltage V2a decreases to the reference voltage 
Vrl, the signal S2a becomes the H level (t6). As a result, the 
signals S2a and S2b are both the H levels, and the detection 
signal Q2 shifts from the L level to the H level, namely, it 
indicates the overtemperature condition. 

When the detection signal Q2 becomes the H level, the 
drive circuit K2 turns off the transistor M2 . Therefore, the 
current supply to the transistor M2 is stopped and further 
temperature increase is controlled. When the output voltage 
V2a becomes higher than the reference voltage Vrl, the signal 
S2a becomes the L level and the transistor M2 turns on. 
Hysteresis control is not used in this device, and therefore 
the detection signal Q2 frequently shifts between the H level 
and the L level for maintaining the output voltage V2a under 



the reference voltage Vrl . The transistor M2 repeatedly turns 
on and off according to the detection signal Q2 . As a result, 
the temperature of the transistor M2 is restricted within the 
operable temperature and therefore the failure in the 
5 transistor M2 due to overtemperature is reduced. 

The detection signals Ql , Q3 remain at the L level 
because normal current flows through the transistors Ml, M3 . 
The output voltage Via of the diode Dla located adjacent to 
the transistor Ml is much higher than the reference voltage 

10 Vr2 at time t6 because the diode Dla is located away from the 

transistor M2 . Thus, the signal Sla remains at the L level. 

The diode Dlb located adjacent to the transistor Ml is 
arranged on the side close to the transistor M2 . Therefore, 
the output voltage Vlb decreases to the reference voltage Vr2 

15 at time t5, which is previous to time t6, and the signal Sib 

is the H level after time t5. 

The detection signal Ql becomes the H level only in the 
condition that the signals Sla and Sib are both the H levels. 
Therefore, the detection signal Ql remains at the L level even 

2 0 when the reference voltage Vr2 is higher than the reference 

voltage Vrl, namely, the overtemperature condition is detected 
earlier than time t5 . This is the same in the case of the 
transistor M3, and in the case that variations in the forward 
voltages Vla-V3b of the diodes Dla-D3b exist. 

25 In the above-described IC, multiple transistors Mn (n=l, 

2, 3, ...) are arranged on a chip in line and diodes Dna, Dnb 
(n=l, 2, 3, ...) are disposed adjacent to opposed sides of each 
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transistor Mn (n=l, 2, 3, ...). The opposed sides are the ones 
that orthogonal to the line of transistors Mn. The 
overtemperature detection circuit Hn switches overtemperature 
detection signal Sn to the H level that indicates an 
5 overtemperature condition when a signal Sna regarding a diodes 

Dna and a signal Snb regarding a diode Dnb both become the H 
level • 

With this configuration, heat produced in a transistor Mn 
in an overtemperature condition is transmitted to the diodes 

10 Dna, Dnb adjacent to the sides of the transistor Mn in a short 

time, and the detection signal Sn becomes the H level • Two 
diodes Dna and Dnb are exclusively provided for each 
transistor Mn, and therefore the diodes Dna and Dnb can be 
arranged as closely as possible to the transistor Mn. The 

15 period between a start of excessive current flowing due to a 

shortage of a load and a stop of driving of the transistor Mn 
via a drive circuit Kn can be shortened. Thus, the transistor 
Mn is properly protected and its substantial durability 
improves . 

20 When an adjacent transistor Mn+1 becomes in an 

overtemperature condition, the heat produced in the transistor 
Mn+1 is transmitted to the diode Dnb located between the 
transistors Mn and Mn+1 in a short time. However, the heat 
transmission to the diode Dna located between the transistors 

25 Mn and Mn-1 delays because the diode Dna is away from the 

diode Mn+1. An overtemperature detection signal Sn+1 becomes 
the H level before the signals Sna and Snb both become the H 
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level even when offset voltages of comparators Can, Cnb or 
forward voltages of the diodes Dna, Dnb have variations. As a 
result, the driving of the transistor Mn+1 is controlled. This 
reduces erroneous detection in which the transistor Mn that is 
5 not in the overtemperature condition is detected as in the 

overtemperature condition. Thus, an accuracy of the 

overtemperature detection improves. 

Even when distances between the transistors Mn are 
shortened, the relationships of the distances LKL2<L3 are 

10 maintained. Therefore, the distances between the transistor Mn 

and the diodes Dna, Dnb exclusively provided for the 
transistor Mn can be set as short as possible. Moreover, at 
least one of the diodes Dna, Dnb is away from the adjacent 
transistor Mn-1, Mn+1. Thus, accurate overtemperature 

15 detection can be performed even though the total size of the 

IC chip is substantially reduced. 
[Second Embodiment] 

Referring to FIG. 4, a temperature detection diode Dn 
(n=l, 2, 3, ... ) is provided for detecting temperatures of 

20 adjacent transistors Mn and Mn+1 (n=l, 2, 3, ... ). For instance, 

diodes D2 , D3 , D4 are located at a midpoint between the 
transistors Ml and M2 , between the transistors M2 and M3, and 
between the transistors M3 and M4 (not shown in FIG. 4), 
respectively. A diode Dl is provided on the opposite side of 

25 the transistor Ml from the diode D2 exclusively for the 

transistor Ml that is located at an end of the transistor line. 
Distances from the transistor M2 to diodes Dl, D2, D3 and D4 
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are defined as LI, L2, L3 and L4 , respectively, with 
relationships of L2=L3<Ll=L4. 

Output control circuits for the transistors Ml, M2 , M3 
are combined into an output control circuit U. The output 
5 control circuit U includes an overtemperature detection 

circuit H and drive circuits Kl, K2, K3 . The overtemperature 
detection circuit H is constructed of comparators CI, C2, C3, 
C4, AND gates Gl , G2 , G3 , and the reference voltage generation 
circuit 2. The comparators CI, C2, C3, C4 compare forward 

10 voltages VI, V2, V3 , V4 of the diodes Dl, D2, D3 , D4 with the 

reference voltage Vr. The output control circuit U and the 
diodes Dl, D2, D3, D4 , ... are included in an overtemperature 
detection device 4 . 

The AND gate Gl outputs an overtemperature detection 

15 signal Ql that is an AND signal of outputs SI, S2 of the 

comparator CI, C2 . The AND gate G2 outputs an overtemperature 
detection signal Q2 that is an AND signal of outputs S2, S3 of 
the comparator C2, C3. The AND gate G3 outputs an 

overtemperature detection signal Q3 that is an AND signal of 

20 outputs S3, S4 of the comparator C3, C4. 

The voltages VI -V4 and waveforms of the signals vary 
under the conditions that a large amount of current flows 
through the transistor M2 as shown in FIG. 5. The reference 
voltages Vrl , Vr2 are substantial reference voltages 

25 (threshold voltages) of the comparators C1-C4. The reference 

voltages Vrl, Vr2 are defined with consideration of variations 
in offset voltages of the comparators C1-C4. The substantial 



-13- 



reference voltage Vrl is set for the comparator C2 , input 
voltage of which is V2 . The substantial reference voltage Vr2 
is set for the comparator CI, C3, C4 , input voltages of which 
are VI, V3 and V4 f respectively. 
5 When a large amount of current flows through the 

transistor M2 due to a shortage of a load, heat produced in 
the transistor M2 is transmitted to the diodes D2, D3 after a 
time lag about at time til. The voltages V2, V3 of the diodes 
D2, D3 decrease at approximately the same rate. The heat 

10 transmission to the diodes Dl, D4, which are located further 

away from the transistor M2 than the diodes D2a, D2b, delays a 
time of tl2-tll. 

When the voltage V3 of the diodes D3 decreases to the 
reference voltage Vr2, the signal S3 becomes the H level (tl3). 

15 The signal S2 regarding the voltage V2 of the diode D2 is 

still the L level at this time. Thus, the overtemperature 
detection signal Q2 remains at the L level. When the output 
voltage V2 decreases to the reference voltage Vrl, the signal 
S2 becomes the H level (tl4). As a result, the signals S2 and 

20 S3 are both the H levels, and the detection signal Q2 shifts 

from the L level to the H level, namely, it indicates the 
overtemperature condition. 

When the detection signal Q2 becomes the H level, the 
drive circuit K2 turns off the transistor M2 . In this device, 

25 the hysteresis control is not used and the detection signal Q2 

frequently shifts between the H level and the L level so that 
the output voltage V2a does not exceeds the reference voltage 
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Vrl because hysteresis control is not used. The transistor M2 
repeatedly turns on and off according to the detection signal 
Q2. As a result, the temperature of the transistor M2 is 
restricted within the operable temperature. 
5 The detection signals Ql, Q3 remains at the L level 

because normal current flows through the transistors Ml, M3. 
The output voltage VI of the diode Dl located adjacent to the 
transistor Ml is much higher than the reference voltage Vr2 at 
time tl4 because the diode Dl is located away from the 

10 transistor M2. Thus, the signal SI remains at the L level. 

The other diode D2 for the overtemperature detection of the 
transistor Ml is shared by the transistor M2 . Therefore, the 
signal S2 shifts between the H level and the L level. 

However, the detection signal Ql becomes the H level only 

15 in the condition that the signals SI and S2 are both the H 

levels. Therefore, the detection signal Ql remains at the L 
level even when the reference voltage Vr2 is higher than the 
reference voltage Vrl, namely, the overtemperature condition 
is detected earlier. This is the same in the case of the 

20 transistor M3 . 

The overtemperature detection device 4 has only one diode 
Dn (n=l, 2, 3, ... ) between adjacent transistors Mn and Mn+1 
disposed on an IC chip, and the diode Dn is shared by the 
transistors Mn and Mn+1. As a result, the total number of the 

25 diodes Dn is reduced to approximately one-half of the first 

embodiment. Furthermore, the number of wires for connecting 
the diodes Dn with the output control circuit U is reduced. 
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Since the diode Dn is located at the midpoint between the 
transistors Mn and Mn+1, heat produced in either transistor 
can be well detected with delay times as fast as possible. 

The overtemperature detection device 4 can perform 
5 accurate overtemperature detection for the transistor Mn 

without being affected by heat produced in the adjacent 
transistor Mn-1, Mn+1. Therefore, the transistor Mn is 
properly protected. Furthermore, the total size of the IC chip 
can be reduced. 

10 The present invention should not be limited to the 

embodiment previously discussed and shown in the figures, but 
may be implemented in various ways without departing from the 
spirit of the invention. For example, the transistors Mn (n=l, 
2, 3, ... ) may be arranged in matrix. In this case, the diodes 

15 Dn still can be arranged in the same manner as the embodiments 

or one diode may by arranged in a middle among three or four 
transistors Mn. 

Three diodes may be provided for each transistor Mn. In 
this case, the overtemperature detection signal Qn is produce 

20 based on an AND of three signals Sna, Snb, Snc by the 

overtemperature detection circuit Hn. Alternatively, the 
detection signal Qn can be produced when at least two signals 
become the H level. 

In the comparators Can, Cnb and Cn, it is preferable that 

25 comparisons are performed with hysteresis characteristics. 

This is possible by using different reference voltages 
(threshold voltages) in the case that the overtemperature 



-16- 



condition has been detected and that the overtemperature 
condition has not been detected. Erroneous overtemperature 
detection due to noise or other factors can be reduced by 
using the hysteresis characteristics. Moreover, frequent 
switching of the transistor Mn between on and off in during 
the overtemperature detection can be reduced. 

The overtemperature detection device can be used for 
circuits constructed of discrete components. It can be used 
for a circuit board on which multiple semiconductor chips are 
mounted and that is included in a hybrid-IC. It also can be 
used for a transistor alley constructed of multiple molded 
transistors, and a parallel module. The power components are 
not limited to transistors and diodes, and passive components 
including relays, resistors and capacitors, motors, solenoids 
and actuators may be used. The temperature detection 
components are not limited to diodes. 
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